Changes in precipitation have a great influence on human beings. The study of precipitation can aid in understanding regional climate change characteristics and the hydrological cycle. Therefore, in this study, the standardized precipitation index is combined with a simple linear regression test, 
INTRODUCTION
It is widely recognized that global warming and climate change have had an important impact on environmental variables in many parts of the world in the past century. Precipitation is an important part of the hydrological cycle and one of the most important variables reflecting climate change. Understanding the temporal and spatial changes of precipitation has far-reaching scientific and practical significance, especially for countries that mainly rely on rain-fed agriculture. Therefore, the study of precipitation changes has attracted worldwide attention (Gummadi et al. ; Paparrizos et al. ; Dhakal & Tharu ) . In China, changes in precipitation patterns are not only considered to be important climatic factors that cause changes in surface water resources but also considered important factors influencing social development. Wang et al. () found that the change in precipitation in China was complex, precipitation changes in each region were very different, and precipitation in the east and west showed opposing trends. Zhang et al. (a, b) found that the drought trend mainly occurred Obvious spatial differences in extreme precipitation events were observed in different climatic regions. Guo et al.
() researched the mid-western area of Liaoning Province and showed that the frequency of extreme precipitation in the Liaoning semi-arid area exhibited a significant downward trend and that the spatial distribution of extreme precipitation events was significantly different. Khan et al. () showed an obvious increasing trend in precipitation in the Songhua River Basin (SRB) in the spring and winter and an obvious decreasing trend in the autumn. The annual precipitation distribution in the SRB is uneven. Fu et al. (a, b) selected five GCM (General Circulation Model) scenarios to simulate precipitation in the Songhua River and found that precipitation in the flood season changed significantly and irregularly. In general, rainfall varies greatly by season and region in China.
In addition, analysis of the changes in drought is important. Drought is a kind of natural disaster that cannot meet the needs of human activities and the environment due to the absence of normal or expected precipitation. At present, there are many indicators to describe dry and wet events.
Commonly used indicators include the Palmer drought severity index (PDSI) (Guo et al. ) , the standardized evapotranspiration index (SPEI) (Ta et al. ) and the standardized precipitation index (SPI) (Güner Bacanli ). The data requirements for the PDSI, which is based on the soil/ water balance, are relatively high. This index also lacks the flexibility to adapt to the multi-scalar nature inherent in drought. The SPEI is able to identify a link between increased drought and the need for more water to evaporate. The SPEI also has the same multi-scale characteristics as the SPI does.
However, this method also has shortcomings. Since many stations in the SRB have low temperatures when the evapotranspiration is zero, the parameters are not defined, so this parameter is not suitable for the middle-high latitude cold zone. Therefore, the SPI, with its multi-scale characteristics and broad applicability, is chosen for use in this paper.
The SRB is located in the cold region of north-eastern
China and is one of the seven major basins in China. This region plays an important role in the sustainable development of the ecological environment in north-eastern China. Moreover, as an important food production base in China, it also plays a vital role in food security in China. In recent years, natural disasters, such as floods, droughts and heavy rains, have frequently occurred in the cold regions of the SRB, which not only affect social and economic development but also threaten human survival.
Drought has a great impact on human livelihood, agricultural production and ecosystem water use, especially in the Songnen Plain, which is dominated by rain-fed agriculture (Song & Zhao ) . Thus, research on precipitation in the SRB has attracted increasing attention (Song et al. a, b; Faiz et al. ) . However, there is no comprehensive study on the precipitation and dry/wet changes in the SRB, and there are few studies on the causes of precipitation changes in the cold region in the context of global warming. However, to the best of our knowledge, although many studies have investigated regional precipitation and dry/wet patterns, few studies have specifically studied rainfall changes in the SRB and their possible causes. Therefore, obtaining a comprehensive understanding of precipitation change is not only related to the sustainable development of water resources but also has great significance for the management and planning of water resources, the planning of agricultural production and the prevention of drought and flood disasters in the SRB.
Therefore, this study investigated precipitation changes in the SRB, which is located in the cold region, from 1960 to 2013 and the possible reasons for these changes. The main novel findings and objectives are as follows: (1) the precipitation variation patterns of the SRB located in the cold region were analysed from multiple scales (yearseason-month); (2) meteorological wet/dry conditions were analysed from multi-scales; (3) the contribution of monthly precipitation to changes in annual precipitation was quantified, and the relationship between monthly precipitation patterns and annual precipitation was clarified;
and (4) in the south and the Nenjiang River Basin (NRB) in the west. Because of the large geographic extent and elevation differences, the climatic and hydrologic conditions of the SRB are complex. The annual precipitation is less than 400 mm in the southwest and more than 750 mm in the east. Floods and droughts alternately occur in the basin.
The annual average temperature ranges between 1 and 5 C, and the annual amount of sunshine is between 2,200 and 3,300 h from east to west (Qi et al. ) .
Data sources
Monthly precipitation data were collected from the China Meteorological Data Service Centre (CMDC). Since the The specific calculation is as follows:
Assuming that x is the accumulated precipitation on a certain time scale, which follows a Gamma distribution, the probability density function is as follows: where Γ(α) is the Gamma function, α is the shape parameter, β is the scale parameter, and x is the sum of the monthly precipitation (x > 0). The maximum likelihood method is used to estimate the values of parameters α and β, and then the cumulative probability of the observed precipitation events in a given month is calculated with the obtained parameters. Since the Gamma function is not defined at 0 but the precipitation may nevertheless be 0, the cumulative function becomes:
In this formula, q represents the probability that the precipitation value is 0, and G(x) is the incomplete Gamma function, which represents the cumulative distribution probability of G(x). By transforming H(x) into a standard normal distribution function, the SPI is obtained as follows:
where 
where
Assuming that all variables are independent and identically distributed, the statistical variable S obeys a normal distribution with a mean of 0 and a variance of
where t is the range of any given node, and when n > 10, the MK statistic is calculated using the following equation:
The original time series has a significant increasing or decreasing tendency if Z c ! Z 1Àα=2 or Z c Z 1Àα=2 at the given α-confidence level. Then, the statistical index UFk can be calculated as:
Another statistical index, UBk, can also be calculated using time series x n , x n À 1 , …, x 2 , x 1 . The intersection of UFk and UBk curves between confidence intervals is the time when the point of abrupt occurs.
Simple linear regression test method
In this study, a simple linear regression test is used to obtain the precipitation time series trend. 
where b is the estimated intercept and σ is the standard error.
Sen's slope method
Sen's slope method is a nonparametric test that allows for missing values and does not require data to conform to a specific distribution. The steepness of the trend is measured through the median, and Sen's slope estimator (Sen ) is calculated as follows:
where 1 k j n. β is a robust estimate of the trend mag- 
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RESULTS AND ANALYSIS
Temporal and spatial distribution of precipitation
The amount of precipitation in China varies greatly with seasons and regions. Therefore, to better understand the characteristics of precipitation changes in the SRB and to provide an important reference for the sustainable development of regional water resources and water resource management and planning for the study of precipitation variation in the SRB, we studied not only the annual precipitation but also the precipitation in different seasons. In this chapter, when analysing seasonal precipitation, we divide the four seasons into spring (MarchMay), summer (June-August), autumn (September-November) and winter (December-February).
Spatial and temporal distributions of annual precipitation
In Figure 2 , the spatial distribution of the average annual precipitation over the SRB from 1960 to 2013 is illustrated with kriging interpolation in ArcGIS. The precipitation shows a decreasing trend from east to The average annual precipitation is the largest in the LSRB, the second largest in the USRB and the smallest in the NRB. When Z is greater than 1.96 or less than 1.96, the trend is significant at the 95% confidence level. The results of the calculations are shown in Table 2 .
As shown in The β values are positive at 20 stations and negative at 15 stations. These data indicate an increase in precipitation at most stations in the river basin, which is consistent with a report published by the IPCC, noting that precipitation has increased between 30 and 85 N throughout the 20th century.
The magnitude of the β value indicates the size of the trend.
According to the results ( Figure 2 and Table 2 ), except that the signs of the values calculated with the two methods are opposite for Meihekou. However, the difference between S and β at Meihekou was relatively small and thus might not have a major impact on the trend of the average annual precipitation series (She et al. ).
To better analyse the variation in precipitation in the SRB, MK analysis was used to analyse the average annual precipitation in each sub-basin. As shown in Figure 3 , the SRB shows an initial decreasing trend, followed by an To further analyse the trends in the seasonal precipitation changes, the MK trend analysis method, the simple linear regression method and Sen's slope method were used to calculate the seasonal precipitation at each station. The Z value calculated by the MK trend analysis method was used to determine the significance of the change. Sen's slope estimator β and the S and Z statistics calculated for the quarterly average precipitation at each site are shown in Table 3 .
It is clear from Table 3 the autumn are not significant. In the winter, precipitation in the whole basin shows an increasing trend. The Z values range from 0.27 to 3.06, and the precipitation increases in most areas exceed the 95% significance level, indicating that precipitation increases significantly in most areas during the winter. Generally, the spring precipitation in most areas does not increase significantly. In the summer and autumn, the precipitation in most areas does not significantly decrease, but in the autumn, the area with decreased precipitation is larger. In the winter, the precipitation in the whole basin shows an increasing trend, and the increase in precipitation is significant in most areas. These results are consistent with Lu's conclusion (Lu et al. ) .
Spatial and temporal variability of dryness/wetness during 1960-2013
Drought is a complicated phenomenon. It affects not only regional water resources but also agricultural production.
The SRB is an important food production base in China.
Therefore, it is important to study dry/wet changes in the SRB. Therefore, in this study, long-term SPI24 and shortterm SPI3 were used to determine the dry and wet changes and frequent drought and flood areas in the SRB. These data provide an important basis for water resource management and planning under the background of global warming in the SRB and the formulation of drought and flood control measures and agricultural production planning.
Long-term spatial and temporal variability of dryness/ wetness
To determine the spatial distribution patterns of dry/wet in the SRB and to provide a basis for the management and planning of water resources in the SRB, we applied a rotating PCA to the SPI time series at the 24-month time scale Thus, the dry/wet patterns shown in Figure 5 are formed.
In summary, the PCA has well divided the SRB into five different sub-regions with different patterns of dry/wet changes. Therefore, to conduct reasonable and effective water resource management under the background of climate change, these sub-regions should be considered separately.
Further investigations were carried out according to the categories shown in Table 1 to determine the dry/wet variations in the SRB. The numbers of dry/wet months in different categories at each station were counted and analysed by the MK method. The trends were calculated as follows: (1 The frequency of drought in the east and southwest of the SRB is relatively high, whereas the flood frequency from southeast to northwest is relatively high (Han et al. ).
Short-term spatial and temporal variability of dryness/ wetness
The short-term time scale SPI3 was used to analyse seasonal dry and wet changes in the SRB. The Z value of the SPI3 time series for each station in each season was calculated To further understand the dry/wet changes in the SRB to provide guidance for agricultural development, we conducted an analysis based on the SPI categories as shown in Table 1 . The numbers of dry/wet months in different categories at each station were counted and analysed by the MK method. The trends were calculated as follows: (1) The numbers of dry/wet months in the SPI3 time series within each season were counted. (2) The time series of the number of months in each category in each season was constructed, and the trend Z values for the time series were calculated using the MK trend method. Table 3 shows the trends of the numbers of wet and dry months in different categories in each sub-region.
As shown in Table 5 , the numbers of dry months in all three categories showed increasing trends in spring and winter, and the numbers of wet months in all three categories showed decreasing trends. However, they do not exceed 95% significance, indicating that these trends are not significant. 
Changes in annual and monthly precipitation in various steps and correlations
The change in annual precipitation is mainly caused by the change in precipitation over 1 month or a defined period.
Therefore, studies of changes in precipitation over these periods are important. This paper quantifies the contribution of monthly precipitation to annual precipitation in the SRB. The stepwise changes in annual mean precipitation ( Figure 8 ) and monthly precipitation (Figure 9 ) in the SRB were studied. Studies of the change in monthly precipitation provide a deeper understanding of the characteristics of precipitation in the SRB and also deepen our understanding of changes in the precipitation pattern of the SRB. This study provides an important reference for the sustainable development of regional water resources, water resource management and planning, and drought and flood prevention.
According to the MK trend analysis of the SRB and the tributaries shown in Figure 4 , the average annual precipitation period in the SRB can be divided into four sub-periods 1960 -1986 , P Period2 ¼ 1987 -1994 , P Period3 ¼ 1995 -2013 and P Period4 ¼ 1960 -2013 . From Figure 8 , we see that from Period 1 to Period 2 in the LSRB, USRB, NRB and SRB, precipitation increased by 86.96, 73.6, 95.7 and 82.62 mm, respectively. From Period 2 to Period 3 in the LSRB, USRB, NRB and SRB, precipitation decreased by 93.37, 51.46, 104.5 and 88.57 mm, respectively. The change in precipitation during Period 2 is the greatest among the three sub-periods. There is no obvious change in the overall precipitation throughout the time series. However, between different sub-periods, there are stepwise changes in precipitation.
To study the contribution of the monthly precipitation to the average annual precipitation, the monthly precipitation contribution to the annual precipitation is defined as follows:
where P Period1 , P Period2 and P Period3 represent the average annual precipitation for each time period and P i,Period1 , P i,Period2 , and P i,Period3 represent the average precipitation in the ith month of each time period. Based on , P Period2 (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) , P Period3 (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) and P Period4 in the LSRB, USRB, NRB and SRB. annual precipitation increases during June, July, August, September and October, whereas the precipitation contribution during other months decreases; the increase is much larger than the decrease. The ΔP i,Period2ÀPeriod1 values over 6-8 months are greater than 20%, which means that the increase in precipitation mainly occurred during these months from Period 1 to Period 2 (1987 Period 2 ( -1994 . The monthly increment is at least 20% of the total increase. The precipitation increases between June and
August account for 98% of the total precipitation increase, which indicates that the change in precipitation from Period 1 to Period 2 occurred mainly between June and August. Similar conclusions can be drawn from Figure 9 (b).
The decrease in the annual mean precipitation from Period 2 to Period 3 is mainly concentrated between June and August.
According to the results shown in Figure 9 , a year can be Table 6 , the EASM index has a significant correlation with the average annual precipitation and RS precipitation and also has a significant influence on the dry/wet changes in the LSRB.
In addition, the PDO is not significantly correlated with precipitation or the dry/wet changes in the SRB, which may indicate that the PDO has little impact on precipitation in the SRB.
To further explain the importance of the six atmospheric Table 6 shows that the WPSI is significantly positively correlated with the precipitation index and that the WPSA is significantly negatively correlated. Therefore, the western Pacific subtropical high is an important factor affecting precipitation in the SRB.
From Period 1 to Period 2, the variation characteristics of the AMCI and AZCI have similar step variation characteristics for precipitation in the SRB, but the change trend is the opposite. In Period 2, the AMCI and AZCI show a decreasing trend. Low Asian zonal circulation values are 
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Note: '*' and '**' denote significant trends at the 5% and 1% significance levels, respectively.
conducive to flooding. As shown in Table 6 , the AMCI and AZCI are negatively correlated with the SRB-related precipitation index and thus are considered the potential drivers of the precipitation increase in the SRB.
From Period 1 to Period 2, the EASM decreases slightly.
According to the characteristics of the EASM, the migration direction of the rain belt in eastern China is determined by the EASM value. When the EASM value is large, the rain belt will migrate to the north. Conversely, the EASM value deviates southward from the rain belt when it is small. However, the EASM usually carries a large amount of water vapour, which may be the reason for the increase in precipitation in the SRB.
The change in the PDO is quite different from the stepwise change of precipitation in the SRB. At the same time, Table 6 shows no significant correlation between the PDO and various precipitation indexes in the SRB, which proves that the PDO has little influence on precipitation in the SRB.
In summary, the meridional and zonal circulation in 
CONCLUSIONS
In this study, the SRB in the mid-high latitudes of Northeast China is selected as the research target. Using statistical methods, the temporal and spatial distributions of the annual and seasonal average precipitation in the SRB and its sub-basins are studied. The SPI is studied using a shortterm time scale (SPI3) and a long-term time scale (SPI24) to study the characteristics of regional dry/wet spatial changes and to provide a basis for the rational planning of agricultural production and water resources in the basin. The relationship between monthly precipitation and annual precipitation patterns is also analysed. Finally, atmospheric circulation patterns are considered to analyse the causes of precipitation and dry/wet changes in the SRB. The main findings are summarized as follows:
1. With regard to the spatial distribution, the average annual precipitation decreases to both sides of the high-precipitation belt at 127-129 E. The precipitation in the southeastern part of the basin is the greatest, and the precipitation in most areas of the basin shows an increasing trend. There is no significant change in the annual precipitation. The spatial distributions of the seasonal precipitation are very similar. The precipitation in the south-eastern part of the basin is greatest, followed by that in the eastern and north-western parts of the basin, whereas the precipitation in the central and south-western parts of the SRB is the lowest. The precipitation in most areas during the spring shows an increasing trend.
In most areas, during the summer and autumn, the precipitation shows a decreasing trend. In the winter, the precipitation in the whole basin shows an increasing trend, and the precipitation in most areas increases significantly. These findings can serve as a reference for studying the response of cold regions to global climate change.
2. On a long-term time scale, the south-eastern to the north- 
